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Col.mn m d  plrrte conpressrive s t r e n g t h s  of 243-T a l u -  
minum- alloy s!ii:k t were determined both w i t h i n  a n d  beyond 
t h e  e l a s t i c  rsnge frotc  t e n t s  of' t h i n - s t r i p  c o l - u r n s  ,7nd 
f r o m  1 o c . l - i n s t a b i l i t y  t e 3 t . s  C J ~ '  formed Z -  m d  c h m n a l -  
s e c t i o n  c o l ~ m m s .  These t e s t s  , w e  t h e  f i r s t  of' a s e ~ i . 9 ~  
i n  an ex tens i -ve  r e sea rch  I . r ivest iqat ion t o  provide d F t t a  
on the s t r u c t u r a l  s t r e n g t h  of v a r i o u s  F i r c r a f t  K z t c r i  als. 
The r e s u l t s ,  which a r e  p r e s e n t e d  i n  thc-: fo rm o f  c u r v e s  
and c h s r t s  t h R t  n ay  be used i n  t he  des ign  and ,z.rrlalysis 
of' s i r c r e f t  s t r u c t u r e s ,  supersede ;:!rel:iminsry results 
ub 1 i she ci pr e v i  o us 1 y . 

Columr! and p l a t e  rnambers i n  an a i r c r n f t  E t r u c t . u r e  aae 
t i l3 b c s i c  2lsments t h s t  f c i l  by i n s i ? b i l i t y .  If e f f i c i e n t  
s t r u c t u r e s  are t o  be d e s i p e d ,  t h e  s t r e n g t h  o f  t hese  ele- 
ments  must  be known f o r  t h e  v-'lrlous c f r c r a f t  r n r t e r i a l s .  
Ar? e x t e n s i v e  r e s e a r c h  program h a s  t h e r e f o m  been under -  
t i k e n  a t  t he  L a g l 3 g  Memorial Aeronaut ica l  L a b o r a t o r y  t o  
.establish t h e  coluinii and p l ~ t e  ccjnipressive s t r e r i g t h s  for 
a number of t h e  FLloys a v a i l a b l e  f o r  use lin a i r c r a f t  
s t r u c t u r e s .  j i a l i a .b l e  snd  r a p i d   procedure^ for t e s t i n g  
such r n e t e r : i F l s  ~ S V P  a l ~ e a d g  b e e n  d3v~I.o; .1ed and m s  
d e s c r i b e d  i n  r e f a r a n C e s  1 and 2. 
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13 c o q r e s s i v e  y i e l d  s t r e s s  cy 

All t e s t s  were m d e  i n  h y d r a u l i c  t f ts t ing !:.,?chines 
e C C U r a k 3  t o  w i t h i n  t h r e e - f o u r t h s  o f  1 p a r c e n t .  The erlds 
of t h e  s t r e s s - s t r a i n  specimens m d  t h e  c?iumns were ?round 
f l a t  2nd s q u o r e .  
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and 49 k s i  i n  t h e  c r o s s - g r a i n  d i r e c t i o n .  The moculus o f  
e l a s t i c i t y  i n  comprers ion  W R S  t e k e n  a s  10,700 k s i ,  the  
a c c e p t e d  v a l u e  f o r  24s-T aluminum alloy. 

"her? t h e  f l a t  skieat m e t s r i a l  i s  b e n t  t o  an i n s i d e  
r a d f u s  r o f  3 t  t o  f o r m  a .Z o r  chenn31,  t h e  c o l d  work 
Hone on the m a t e r i e l  e v i d e n t l y  r > a i s e s  t h e  c o m p r e s s i v e  
yield s t m s s  for the c u r v e d  c o r n e r  F o r t i o n  above t h a t  f o r  
the f l a t  web o r  f l s n g e ,  about  l i 3  p e r c e n t  Tor  the with- 
g r a i n  2nd 10 pe r&cen t  f o r  the cuaoss-grain d i r e c t i o n .  ( S e e  
f i g .  10. ) Because t h e  c w v s d  c o r n e r  spec imens  i n c l u d e d  
n long  t h e i r  edges some f l a t  m a t e r i a l  ( s h o u t  4C p e r c e n t  
of  the t o t 8 1  m e a )  f o r  which t h e  y i e l d  s t r e s s  i s  lower 
t h a n  thzt f o r  t h e  cu rved  p o r t i m ,  the a c t u s 1  i n c r e a s e  i n  
t h e  cornpi?eseive y i e l d  stress f o r  the  c o r n e r  po i . t i on  may 
be sen.ewhst Zrr32ter t h a n  t h  i n c r e a s e  i n d i c a t e d  i n  fiE- 
u r e  10. The i rcpor t ,?n t  r a s u l t  t c  n o t e  i s  t h s t  t he  com- 
F r 3 s s i v e  p r o g o r > t i a s  of a f'srnled s e c t i o n  mag n o t  be uni form 
ovei- t h z  c r o s s  s e c t i o n .  

The r e e u l t s  of  the  t e s t s  of' t h e  t h i n - s t r i p  coluvms 
?_re giver: by t h e  c o l m i  c u r v e s  of  fi- i jure il f'orl the  two 
d i r e c t f o i l s  o f  g r s i n .  

A t  s t r e s s e s  begor,d t h e  e l a s t i c  r s n g e ,  tshe experi- 
m e n t a l  vc?luss of'  ocF al-e l o w a r  thai t h o s e  coxpu t sd  by 
the a u l c r  columr, fo rmula  ( s e e  $ l a s t i c - b u c k l i n g  c u r v e ,  
fi?. 3 . 1 ) ,  beceuse  o f  t1:e r e d u c t i o n  i n  t h e  ef't'ec-Live 
nlodulus of e l a s t i c i t y .  The ef..'GctivF: rrodulus to be 
s u S s t , i t u t e d  f o r  E, i n  the Suls r  ccllurtln fo rmula  t o  . b r i n g  

i n t o  agreement cc7.1culated 2nd experaimentG1 va lu ; , s  of 
i s  ~ Z v e n  a s  T E ~ ,  where T i s  e coef ' f ' ic i i ;nt  t h R t  i s  e q u a l  
t o  u n i t y  in t h e  e l s s t i c  range  a n a  d e c r e P s e s  with i n c r e 2 s i n g  
s t r e s s  beyond t h e  e l e s t l i c  r m q a .  In s t r ixc -bure l  c g l c u l a t l o n s  
i n  wh.ich i t  i s  i.r,ipossibble t o  u s e  3i-ir.ectljr vzlues 6 b t R i n e d  
from t h e  column cu rve  ( f i g .  II), t he  vPlue  of  T f o r  R 
g i v e n  s-trcss must  5 e  known. The vorS.ation o f  T w i t h  
stress for -  c o l u n n s  is t h e r e f o r e  shomi I n  i'igu.re 12 f o r  
both directions of  g r s i n .  

'cr 
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s t r e s s  i s  g i v m ,  t o g e t h e r  with t h e  v a r i e t i o n  of T ,  i n  
f i g u r e  12. The c r o s s i n g  of t h e  T -  and q - c u r v e s  shown 
i n  figure 1% o c c u r s  ' s e c m z e  t h e  formed c o l w r i s  a n p a r e n t l y  
had R n  ap?r3ec i?b le  d e g r e e  o f  i m p e r f e c t i o l l ,  which  r e s u l t e d  
i n  the  d e v i a t i o n  o f  the r,-curve from u n i t y  a t  a lower  
s t r e e s  them t h s t  a t  which th= T - C U P V ~ ,  r e n r e s e n t a t i v e  
of n e a r l y  o e r f e c t  ccluvnns, d e v i a t e s  from u n i t y .  

R e l a t i o n s h i D  of ocr t o  ocr/v f o r  p l a t e s . -  In 
Droblen:s concerned w i t h  the s t r e n g t h  of : z t e s ,  i t  i s  
somst imes d e s i r e b l e  t o  i n s e r t  t h e  v s l u e  o f  q E C  f o r  E, 
i n  the  p l a t e - b u c k l i n g  f o r n u l a ,  e q u a t i o n  (l), and t o  w r i t e  
t h e  e q u a t i o n  i n  t h e  t r a n s p o s e d  form 

--- --_I_---- -_1 

In ch i s  f o r m  t h e  vslue of 
of e! :n t ic i tg ,  Poisscn's r p t i c ; ,  the . , eonic t r ic  d in lens ions  
of t n e  I l l a t e ,  m d  t h e  c o e f f i c i e n t  ;c. The _vnlue of ocr 
c ~ r i  t h e n  be Thtpined by use o f  the c u r v e  o f  ocr_ a~ a i n s t -  
Ocp/'g :'Fver? i n  , f i g u r e  14. This c a r v e  n a y  be o b t a i n e d  by 
smtlr-  thf. dRtc d i r e c t l y  o r  by p l o t t i n g  from the f a i r e d  
c u r v e s  o f  rig1x.e 13. 

o c r / ~  i s  r i v a n  by t h s  modulus 

'T - /-- 

_ - 7 -  

A s  i n  the C P S B  of e q u a t i o n  (l), t h e  s u b s c r i p t s  W 
may be ad6elJ. t o  k and b of  e q u s t i o n  (4), and oC1,/n 
nay be ds t e rn . ined  f o r  a Z- o r  c h r n n s l - s e c t i o n  by t h e  use 
of' the formula m d  curve  of  f i g u r e  2. 

Xaximum c o m c r s s s i v e  s t r e n g t h  o f  p l a t e  elements. - In ---.---.*- 
-I_-__ ---._ 

thu c A S  5 of a 9 I s  t Z T G X X F E Z g  i t u d i n x c  ompre s s i on, 
the s u p p o r t e d ,  or res t r a i n e d  and su?poi? ted ,  side edges  
remsfn e s s e n t i e l l y  s t r e . i q h t  a f t e r  . buck l ing  arid ?re c a p a b l e  
o f  car>ryin.g e d d l t i s n a l  lo?'?,, A s  a coriseguence,  t k i C T e  i s  
a marcimuri s t r%en?th fcr t h e  p l e t e  th..t, i s  g r e a t e r  thm 
t h  b u c k l i n g  s t r e n i f t h .  
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for comFarlscn x i t h  c u r v e s  tnken from f i g u n e s  14 end 16 
f o r  t h e  w i t h - g r s i n  colums. 
where t h e  stress-s trai.1-1 curve i'oi' t h e  c raoss-gra in  d i r e c t i o n  
d i f f e r s  n o t l e e a b l y  fron: t h e  s t r e s s - s t r s i n  CUYVS for t n e  
with-grain d i re3c t ion ,  ar:: t h e  Vrjlui;.,S o f  0 and CT 

g r e a t e r  f o r  t h e  c r o s s - g r e i n  co lmins  t h e n  for the  w t t h - m a i n  
co lur r i s .  The ave rage  i n c r e a s e  i n  t h e  h i r h - s t r e s s  rs,i:ion 
wzs about  4 p e r c e n t  f o r  oCr m d  a b o u t  2 p e r c e n t  f o r  gnax; 

where2.s t ,he  c r o ' s s - g r a i n  com?ress ive  y i e l d  stress was approx- 
i r n s t e l y  11 p e r c e n t  g r e a t e r  t hen  the w i t h - p a i n  con;?ress ive  
y i e l d  s t r e s s .  

Gri17j at t h e  hipher s t r e s s e s ,  

- 
1E BY, c r  

L_ 

- - 

Chsrts f o r  l o c a l  i n s t z b i l i t y  of  Z- m d  c h a n n e l - s e c t i o n  
c o 1 u m s . -  The 0- c m p r ~ s : ~ i v e  s t r a n g t h  of  :Le m a t e r i a l  
W B S  evelu .8 ted  f rom t e s t s  of 2- znd c h a n n e l - s e c t i o n  cL?lumis. 
The r e s u l t s  of t h e s e  t e s t s ,  which p r o v i d e d  t h i s  i n f o r n ! : t f o n  
re[?c?raing - 2 l F t e s ,  m - 7 ~  also be s.,>?lfed d f r e c t l y  t o  formed 
Z -  and c h m r i e l - s e c t i o n  C O ~ L L ~ S  . t h e t  f a i l  by l o c a l  i n s t a -  
b f l i t g .  These r e s u l t s  c m  be s o n v ( . : n i m t l y  ::ilmi?iprized fr, 
t h e  forn:  of' c h a r t s  t h T t  ,~r;fvl= d i r s c - t l y ,  i n  tarnis of' t h e  
dinension r i t i o s  bF/bi,.! 2nd b-:-/t, t 'k c r i t i c e l  s t r e s s  
End t l ie  qverage  s t r e s s  a t  ri~s.ir.:u:n l o a d .  Such c h s r t s ,  
b e s e d  01; t h e  t h e o r e t i c a l  c u r v s  cf' f i g u r e  2 grid thE: e x ~ . e r i -  
x e n t a l  d s t z ,  arF: g i v m  in figures 19 -to 21.  

-- .--. - .--- --------.-__I.--__- ~ I--__ ~ 

.- 

4 2  

The i m p o r t a n t  c o n s l u s i m s  0;' this r m o r t  a r e  embodied 
i n  th2 t e s t  cl-ota o f  c ~ l u n t i  2nd p l e t e  comFress ive  s t r e n g t h s ,  
which Ere ; > r e s e n t e d  i r i  t he  f o r n ;  of c u r v c s  c h l r t s  that 
may be used i n  t h  d e s i g n  qnd r n p l y i s  o f  n f r c r n f t  
s c r u c t u r e s  o f  214s-T aluminum-Plloy shb%t.  





TABLE 1. - C~YPPEESSI~rE PZOPERTIES OF 24s-T ALKiJINbI-ALLOY SHEET 

[E, = 10,700 ksi]  

-. - - _._- 

Type 

.-._.-_ 
Thin 

s t r i p  

Z 

Z 

E 

> hanne 1 

!ha nne 1 

h a m e ?  

Channe 1 
. - _  

--- . ---- ----I_--- - 
Columns t o  which s t r e s s - s t r a i n  

curves  apnly j s t r e  s s -  -_---- 
Direr: t i on 

of 
loading  

!Vith gra in  
and c r o s s  
train 

I.---_ 

:ilri t h  g r a i n  

I ' , ith g r a i n  

Cross  
g r a i n  

l . i t h  g r a i n  

i'ith e r a i n  

;itli g r a i n  

: ross  
g r a i n  

De s i  gna t i  on 
( See t a b l e s  2 and 3) 

19 t o  6a, 6c, 7a, ~ O E  
lob,  l l a  t o  19a, 26b, 
27a, 27c, 28a, 29a, 
31b t o  32c 

6b, 7b t o  9, 1~13, Iqt 
t o  26a, 2 6 ~ ,  27b, 2Ef 
28c, B b  t o  Tla 

l a  t o  Lc 

1 t o  6a, 7a, 8a, 9a, 
loa ,  l l a ,  12a, 13a, 
lb ,  15aJ 16a, 17a, 
18a, 19a, 20a, 21a, 
21b, 22a, 238, &a, 
25a, 27a t o  28a, S a ,  
50a t o  ? l a ,  325, 33a, 
3La> 3 5 ' J  36a 

. .. .- . . . . . . 

B 

c 

D 

E 

F 

G 

D 

-- 
Compre s s ive yie  1c 

s t r e s s ,  Tcy 
-I_-._. 

Cross 
g r a i n  
( k s i )  ---- 
47.9 

46.8 

51.3 

48.5 

48.9 

43.7 

47.9 

48.5 
.. . 
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Figure 1 .  -I Cross sect ions af 2-and channel- 
section columns. 
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3gure Z.-Values of k, for Z- and channel-section 
columns of uniform thickness (from reference 3). 
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( a )  U n a s s e m b l e d .  

( b )  A s s e m b l e d  w i t h  Tucke rman  o p t i c a l  s t r a i n  g a g e  i n  
p l a c e  on s p e c i m e n .  

F i g u r e  3.-  F i x t u r e  f o r  o b t a i n i n g  c o m p r e s s i v e  s t r e s s - s t r a i n  
c u r v e s  o f  f l a t  s h e e t .  



N A C A  . A R R  N O .  L5F01 F i g .  4a,b 

E a, 
a, LA 



k A C A  A R R  No. L5F01 F i g .  5 

F i g u r e  5 . -  End f i x t u r e s  

t 

nd s e t u p  f o r  t h i n - s t r i p  column P 

t e s t s .  
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Figure 6: Typical cross -sectional distortion 
of columns that develop local instability. 
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F i g u r e  7 . -  2 - s e c t i o n  co lumn u n d e r  t e s t  f o r  s t u d y  o f  
i n s t a b i l i t y  o f  p l a t e s .  
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Cross - sectional distortion 
(Point e r d i spl ocem e nt) 

Figure 8. - Illustrative stress - distortion curve for 
determination of critical stress  for Z- or channel - 
section c o l u m n s  loaded in compression . 



' I  

N A C A  ARR No. L5F01 F i g .  9 

t- 
al 
Q) 

v) 
P 

L 



N A C A  A R R  NO. L5F01 

5 c  

40  

.- 
rl) 
Y 

(D 
m 
Q) 
L 
t 

c 3 0  

m 
2 0  

IO 

0 

F i g .  10 

I 
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Figure 10.- Effect  of  forming on compressive 
s t ress  - strain curves f o r  245-T aluminum - 
alloy 2 - section ; t =0.125 inches . 
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Figure 12.- Variation of 't and Y) w i t h  stress f o r  
24s-T aluminum -alloy sheet. (q obtained from 
tes ts  o f  formed columns.) 
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Figure 14. - Variation of a,, with 
aluminum- alloy sheet loaded 
obtained from tests of formed columns 

for plates of 24s-T 
with-grain direction, 
; a&= 44ksi . 
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Fiqure 19. - Desiqn chart for Ocr for formed 24s-T 
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1.0 

aluminum -a l l oy  Z -  and channel -section columns that  
develop local instability loaded in the with -grqin 
direction ; ocy = 44 ksi .  
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Figure 20.- Design chart for Emax for formed 24s-T 
aluminum - alloy 2- section columns that develop local 
instability loaded in the w i t h -  grain direction ; cCy.44ksi . 
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Figure 21. - Design char t  for  Cmax for formed 24s-T 
a luminum - alloy channel - section columns that develop 
local instobility loaded in the with-grain direction 5 
oCy344ksi  . 




